M
arginal bone loss (MBL) is a radiographic parameter to determine bone variation around the implant and still offers some information on dental implant status, osseointegration success, and probably failure risk. A number of conditions may affect the periimplant marginal bone level [1] [2] [3] [4] [5] and among them the presence of endodontic lesions. 1, [6] [7] [8] [9] [10] [11] [12] Again, bone quality and implant placement timing influence bone formation and bone loss around implants. 13 Acute endodontic infections, such as acute periapical lesion/abscess, represent a concrete contraindication to immediate placement of implants. 1, [6] [7] [8] [9] [10] [11] [12] [14] [15] [16] [17] [18] Waiting for a healed bone site is a possible approach, 16 thus eliminating the risk of anaerobic bacteria presence in the bone niches and periapical tissue. [18] [19] [20] Introduction:
To evaluate clinical outcome of early, immediate, and delayed transmucosal implants placed in patients affected by acute/ chronic endodontic lesions.
Materials and Methods: Eightyfive consecutive patients received 131 titanium implants with zirconiumoxide blasted surface. Pre-extractive diagnosis represented the main criteria for implant placement timing, following "best treatment" criteria. Implants were placed with flapless transmucosal technique. Hopeless teeth with chronic periapical lesions received atraumatic extraction, and an implant was immediately placed (Immediate Group, n ¼ 29). Teeth with acute periapical lesion/abscess were extracted and implants placed after 8 to 12 weeks (Early Group, n ¼ 29). Implants placed 10-to 12-month after extraction constituted the control group (delayed group, n ¼ 73). Implants were loaded 3 months after insertion with provisional resin crowns and after approximately 15 days with definitive ceramic crowns. Marginal bone loss (MBL) was measured in a singleblind manner on periapical radiographs at 1, 3, 6, 12, and 24 months.
Results: Multilevel analysis described exploring factors associated with MBL. Survival rate was 100%. MBL after 24 months was 0.78 6 0.70 (95% confidence interval [CI] : 0.20 to −1.37) at immediate, 0.48 6 0.70 at early (95% CI: −0.006 to −0.961), and 1.02 6 1.01 (95% CI: 0.61 to −1.43) at delayed groups. Implant groups (immediate/early/ delayed) and location (maxillary/ mandibular) showed statistically significant results. Early group showed the lowest MBL values. The immediate group demonstrated less MBL than the delayed group.
Conclusion: Early implant placement technique preserves periimplant marginal bone level more than immediate and delayed techniques.
(Implant Dent 2017;26:654-663) Key Words: MBL, dental implants, flapless surgery, best clinical practice, chronic periapical lesions However, chronic periapical lesions, deep carious lesions with the absence of acute infections and the presence of intact cortical bone lead to extraction and immediate implant placement, as proposed by many previous investigations. [21] [22] [23] Therefore, clinical decision making may be represented by an immediate implant placement only when no acute endodontic infection/ abscess is present at the time of extraction. Otherwise, a placement after 2 to 4 months from tooth extraction (infection resolution with socket tissue healing) may be performed (early implant placement) in a healing new bone. 21 Different decision-making strategies mean placing implants in extremely different bone conditions (ie, presence/ absence of cortical bone, healing bone etc.), that influence periimplant marginal bone remodeling and resorption, suggesting that many questions remain unanswered. 15, 24 The aim of this consecutive nonrandomized prospective cohort study was to evaluate the failure rate, complications, and MBL of implants placed in endodontically affected bone sockets. MBL was evaluated at 1, 3, 6, 12, and 24 months. The decision to immediately replace or to wait for bone healing and place implants after 2 to 3 months (early placement) or after 10 to 12 months (delayed placement) was taken according to a strict predefined clinical protocol, after an accurate evaluation of tooth and periapical status, clinical and radiographic conditions, and assessing the presence/absence of endodontic acute periapical lesion, to achieve the "best clinical practice". 25 
MATERIALS AND METHODS

Study Setting and Patient Selection
The study design was a singleblind human longitudinal prospective cohort study comparing the clinical and radiographic outcomes after 2 years of treatment for patients who had been lost one or more teeth for endodontic, traumatic, and deep carious lesions.
The study was conducted in 1 University Endodontic Clinical Department and in 2 private dental offices between January 2011 and January 2017 by the same clinical team.
All patients included in this investigation were treated according to the principles established by the Declaration of Helsinki as modified in 2013. 26 Before enrollment, written and verbal information were given by the clinical staff, and each patient gave a written consent according to the abovementioned principles. An additional signed informed consent was obtained from all patients stating that they accepted the treatment plan and agreed to cover the costs and follow the maintenance hygiene program. This report was written according to the Consolidated Standards of Reporting trials guidelines for reporting clinical trials (STROBE) 27 and respecting the guidelines published by Dodson in 2007. 28 The patients were considered eligible or noneligible for inclusion in the clinical protocol based on the following criteria: Choice of the surgical approach and timing of implant placement, (immediate, early, and delayed according to the timing classification proposed by the Third ITI Consensus Conference), 13 were not determined randomly as the purpose of the study was to use welldefined clinical parameters for the "best clinical practice." 25 Therefore, the choice of the different surgical approach and the consequent clinical decision and implant placement timing (immediate, early, and delayed) were made on the basis of the following rigorous clinical criteria: the presence of acute endodontic periapical lesion (with pain, fistula, exudate/pus, tenderness and radiographic apical translucency, or all of them) and/or the presence of chronic periapical disease (Periapical Index or PAI 3-4). 23 The 3 groups were defined as follows (Fig. 1 13 : When the implant was placed in edentulous mature bone 10 to 12 months after the tooth extraction.
Surgical Procedures
Cylindrical implants (SP Premium; Sweden & Martina, Padova,
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Italy) with zirconium-oxide blasted (ZirTi) surface, smooth machined collar 0.5 mm, switching platform emergence profile 0.3 mm (tulip-shape profile), and hexagonal internal connection 3.5 or 4.25 or 5.0 mm diameter were used. One single experienced surgeon performed all surgeries. Before surgery, a careful occlusal and periodontal examination was performed on each patient, including presence of plaque, gingivitis, pocket depth, and radiographic bone loss of all remaining teeth. Oral hygiene instruction and periodontal therapy were performed when and where indicated.
Two days before the intervention, all patients were asked to comply with a pharmacological regime that included amoxicillin/clavulanic acid 1 gr tablet and application of chlorhexidine digluconate 0.20% gel (Corsodyl Gel; GlaxoSmithKline UK, Brentford, United Kingdom) twice a day. Antibiotic administration continued during 5 to 6 days after surgery.
All surgical procedures were conducted under local anesthesia with mepivacaine chlorohydrate 30 mg/mL (Carboplyina; Dentsply Italia srl, Roma, Italy). The edge of the implant platform was placed at the margin of the buccal bone level. The torque value was 20 to 70 N/cm 2 . In all implants, an adequate primary stability was obtained. Implants were placed to obtain transmucosal not submerged healing and to avoid a second stage surgery to expose screw. A 1-mm high cover screw was applied. No computer-aided guide was used.
Immediate Implant Placement
For immediate postextractive insertion (Immediate Group), an atraumatic flapless root extraction was performed, and a careful inspection of the socket site was made. All granulation tissue were gently debrided from the apical portion of the socket.
Then a 1.2-mm drill was used to prepare the intrasocket place, following the palatal bony walls as a guide. Twist and calibrated drills at 225 rpm were then used and irrigated with sterile saline solution.
Primary implant stability was obtained by anchoring the implant in the remaining apical portion of the socket at least 3 mm beyond the root apex area.
A porcine corticocancellous bone substitute (Osteobiol MP3; Tecknoss Dental, Coazze, Italy) was applied into the surgical site to fill the socket and to reduce any gaps between the implant and the residual bone.
The cover screw resulted exposed and positioned, just over the gingival level of higher crestal bone level.
Early and Delayed Implant Placement
The surgical procedures were similar for the early and delayed groups. No flaps were reflected, and no computer-aided surgical guides were used. Of 131 implants inserted, 29 implants were placed immediately into fresh extraction sockets, 29 implants were placed in healed bone after 8 to 12 weeks from teeth extraction, and 73 implants were placed in 10 to 12 months edentulous areas.
An initial 1.2-mm diameter drill was used to mark the position, angle, and depth. The drill passed through the mucosa (transmucosal), cortical bone, and cancellous bone under copious saline irrigation. A twist and calibrated drill at 225 rpm was used, and a site of the adequate depth and diameter was created while irrigating with sterile saline solution.
In all cases, the entire rough surface region of the implant was positioned approximately 1 mm under the cortical bone level and neck approximately at the mucosa level. The cover screw resulted exposed, just over the gingival surface.
Postoperative Procedures
A surgical dressing (Coe-Pak; GC, Tokyo, Japan) was placed on the wound in all patients. One week after the implant surgery, the dressing was removed and the first clinical control was performed.
Patients were instructed to follow a soft diet regime for 1 week, to rinse 3 times/d with 0.12% chlorhexidine mouthwash for 3 weeks, and to perform oral hygiene on the Coe-Pak using a normal-medium toothbrush for the first week and for 2 weeks after surgical pack removal. Thereafter, conventional brushing and flossing were permitted.
Prosthetic Rehabilitation
Three months later, an impression was taken using the pick-up technique with custom trays for analogs technique, and the customized titanium abutment was fixed within 5 to 7 days.
An acrylic temporary single crown was cemented with provisional cement (Temp Bond; Kerr, Scafati, Italy) as a provisional prosthetic rehabilitation.
Twelve to 15 days later, a definitive prosthetic metal-ceramic rehabilitation, made by 2 equally experienced prosthodontists, were positioned and fixed with polycarboxylate cement (Heraeus Kulzer GmbH, Hanau, Germany).
Follow-up Implant Evaluation
Active periodontal therapy consisting of motivation, instruction in oral hygiene practice, scaling, and root planning was performed until no periodontal (modest) disease was present, no bleeding on probing and pocket probing depth $3 mm were detected during the follow-up procedures.
Radiographic Assessment
Intraoral periapical radiographs of all implants were taken using a paralleling technique with Rinn-holders and analog films (Kodak Ektaspeed Plus; Eastman Kodak Co., Rochester, NY) after implant placement (baseline) and at 1, 3, 6, 12, and 24 months after implant insertion. A total of 85 patients fulfilled inclusion criteria. Implant groups were determined on the basis of implant placement group (immediate/ early/delayed) and implant location (maxilla/mandible).
Fig. 2.
A 52-year-old, nonsmoker male patient with a fractured 2.5. A, Preoperative rx. Tooth was extracted and after an adequate debridement of the alveolar socket, a 4.25 3 10-mm implant was inserted immediately (B). No complications were observed postoperatively. At 3 months, periapical rx (C) and impression were taken and a metal ceramic crown was cemented after approximately 4 months. In this patient, a marked MBL was detected after 6 months (D), that is 3 months after loading but remained stable at 12-(E) and 24-month (F) evaluations. Fig. 3 . A 56-year-old, nonsmoker female patient with a previously apicoeptomized 2.5 and apical abscess; tooth presented a vertical root fracture and extraction was performed. Pre-extraction rx (A). Two months after extraction, an adequate bone healing was observed (B) and a 3.8 3 10-mm implant was inserted with a flapless approach (C). After 3 months, periapical rx (D) and impression were taken, and a metalceramic crown was cemented on the implant abutment approximately 1 month later. A modest MBL was observed after 3 months (preloading) and was stable after 6 months (not reported), 12 (E), and 24 (F) months. All x-rays were scanned with a slide scanner with a resolution of 968 dpi and a magnification factor of 320. The known length and diameter of implants were used to calibrate the measurement.
The crestal marginal bone and the bone-implant interface were examined to evaluate the marginal bone morphology. MBL was assessed at the mesial and distal implant surfaces by measuring the distance between the reference point of the implant platform to the most coronal bone-to-implant contact level using a scale divided into 0.1 mm steps according to previous studies 29, 30 and corrected according to the know height and width of each implant. 3 A single-blind radiographic evaluation was performed by 1 additional examiner. Before evaluating the radiographs, the examiner was calibrated by using well-defined instructions and reference radiographs with different marginal bone level measures.
Statistical Analysis of the MBL
Statistical analysis was performed using SPSS Statistics (Software version, 23.0). Descriptive statistics were computed as mean 6 SDs for quantitative variables. Frequencies and percentages were used for qualitative variables. Marginal bone level variations were evaluated by measuring MBL. The inferential analysis was performed by creating a multilevel linear regression model at 2 levels (patient and implant). Moreover, the multilevel model investigated factors associated with MBL. The covariates used at the patient level were "gender" (females/males) and "age" (years). At implant level, covariates used were "implant placement group" (immediate, early/delayed) and "location" (maxilla/ mandible); at time level the covariates used were T 1 (1 month), T 3 (3 months), T 6 (6 months), T 12 (12 months), and T 24 (24 months). a-level was previously set at 0.05.
Comparisons of MBL values among T 1, T 3 , T 6 , T 12 , and T 24 for each covariate used at the implant level (implant placement group and location) were performed by means of nonparametric Friedman test and Wilcoxon test, given the nongaussian MBL distribution (Kolmogorov-Smirnov 
RESULTS
According to the inclusion/exclusion criteria, 85 patients (131 implants) were studied with a mean age of 54.6 6 11.8 years (46 women and 39 men). Eight patients were identified as smokers, consuming between 10 to 20 cigarettes/d and included in the study; these patients were distributed evenly across the 3 groups (3 in immediate, 2 in early, and 3 in delayed group). The survival rate was 100% at all times. One nonsmoker patient from the early group dropped out after 6 months and was excluded from the study. Total drop out rate was 1.26%.
No wound infection, osteitis, bone graft sequestration, or implant loosening occurred during the follow-up period.
Mucositis was observed in 1 patient (early group) after 3 months caused by a recurrent unscrewing of the implant abutment. The abutment was removed, and the area was carefully treated with chlorhexidine 0.12%. After 1 month, a new abutment was screwed and a new metal-ceramic crown was cemented. No other mucositis was detected.
A representative series of periapical radiograph for the 3 groups is reported in Figures 2-4 .
A clinical photograph sequence of an example of immediate implant is reported in Figure 5 .
Multilevel analysis (Table 3) evidences the significant influence of implant placement group (immediate, early, and delayed groups) and location (mandible/maxilla).
MBL increased significantly with time (from 1-month and 3-month preloading evaluation to the 24-month postloading evaluation) in all the 3 groups (immediate, early, and delayed). The estimated difference in MBL of immediate versus delayed was 0.129 mm (P ¼ 0.088) and early versus delayed was 0.400 mm (P ¼ 0.0001).
The estimated differences between T 1, T 3 , T 6 , and T 12 versus T 24 were 0.68 mm (P ¼ 0.0001), 0.62 mm (P ¼ 0.0001), 0.43 mm (P ¼ 0.0001), and 0.19 mm (P ¼ 0.08), respectively. All groups showed MBL at all observational times. Delayed group showed greater MBL than the other 2 groups (P , 0.02).
Comparisons between each time/group are performed by means of Wilcoxon test for paired data/Kruskal-Wallis analysis.
In the vertical row, equal superscript small letters represent no statistical differences between times of placement (P $ 0.02).
In the horizontal row, equal superscript capital letters represent no statistical differences among times (P $ 0.005). The estimated difference in MBL of maxilla versus mandible was 0.20 mm (P ¼ 0.001). Table 4 shows MBL distribution in the 3 implant placement groups. Early group showed the least MBL values at all observation times (1-24 months) (see also Box plot representation in Fig. 6 ). Moreover, the immediate group presented reduced MBL values when compared with the delayed group (Table 4 and Box plot in Fig. 6 ). Preloading MBL evaluation (T 1 and T 3 ) showed a statistically difference from postloading MBL in the delayed group after 6 months (T 6 ), and after 12 months in the immediate and early groups (T 12 ).
MBL values observed at the maxilla level were different from MBL values at the mandible level (Table 5) . These values are statistically significant after 6, 12, and 24 months. Comparisons of MBL among the evaluation times (T 1 -T 24 ) are statistically significant both for maxilla and mandible (Friedman test P ¼ 0.0001).
DISCUSSION
This study used the clinical preextractive diagnosis as the main criteria for implant placement. For this reason, timing of implant placement (immediate, early, and delayed) was intentionally not determined randomly, as the purpose of the study was to use rigorous best clinical treatment criteria.
The presence of fistula, buccal bone deficit/defect, and pus connected to acute periapical abscess was considered and critically evaluated to establish a safe clinical procedure and guarantee the best clinical practice. Important bone destruction due to the presence of pathogenic bacteria is frequently present at the apical root level when an acute endodontic periapical lesion/ abscess is present, 19, 20 increasing the risks of implant integration. 22, 24 One recent systematic review concluded that there is limited evidence that immediate implant placement in sites affected by acute endodontic lesions leads to clinical outcomes comparable with those of immediate implants in healthy sites. 21 Unfortunately, in many investigations the classification of endodontic infection is often vague and not well defined, according to other systematic reviews. 14, 15 For example, it is clinically evident and extremely important to distinguish a chronic periapical lesion with a modest radiolucency at the root apex from a large bone destruction/resorption with pus and fistula (frequently in the presence of pain). AAE Consensus Conference 31 well described the clinical conditions, but it is already evident that "at chair side" in many cases, it is difficult to define the level of inflammation and when it is convenient or possible to place implant immediately after the root extraction. In our Endodontic Department,, we opt for a strict clinical definition of acute periapical lesion. When swelling, tenderness, pus, and pain are present (in Latin "tumor, rubor, dolor, and calor"), we opt for the extraction and implant placement is postponed after a short period (2 months, early group implant placement).
In this study, early implants (type 2 for ITI classification) presented less periimplant marginal bone resorption at 1 and 3 months (preloading time) and the most reduced values at 6, 12, and 24 months compared with the other groups. Therefore, the data support the concept that 2 to 3 months after extraction is the ideal time for implant placement, obtaining a more than adequate periimplant bone level free from infection/bacteria with stable marginal bone morphology at 24 months. It does not seem necessary to wait to obtain a more structured bone.
In the early group, the tapered enlarged configuration of implant neck, the flapless technique, 32 and the transmucosal placement may have played a positive role, reducing bone stress and inducing a fast remodeling of marginal cortical bone.
Corticocancellous porcine bone was applied to fill socket gaps in immediate implant group (type 1 for ITI classification). This biological condition is favorable to new bone formation, as demonstrated by MBL values, with a reduced or modest bone resorption and with new bone formation. In all samples, neither pocket depth nor gingival bleeding was observed during the clinical controls. Other studies with other type of implants 29, [33] [34] [35] have demonstrated the low failure rate and the reduced periimplant MBL of immediate (postextractive) technique choice. It is possible to speculate that the high vascularization in healing area such as in immediately and early implant may be responsible for a fast bone formation that results in a reduced MBL. 5 Delayed groups (type 4 for ITI Classification) showed a statistically significant higher MBL (compared with early implant group) and during the entire observation period. This study suggests that bone resorption around the neck of delayed implants is higher when a mature cortical bone is present, as in delayed group. These data are supported by many in vivo studies on animals, where histological observation offers evidence for modest new bone formation and great resorption of old/ mature bone. [36] [37] [38] [39] Drilling procedures at the implant site may be responsible for bone necrosis and bone smear layer formation. These conditions induce the activation of osteoclasts and vascularization damage, conditions responsible for higher bone resorption of the mature cortical bone. [36] [37] [38] [39] It is probable that bone density around the implant decreases during the first weeks after implant insertion, whereas bone In the vertical row, equal superscript small letters represent no statistical differences between locations (P $ 0.05).
In the horizontal row, equal superscript capital letters represent no statistical differences among times (P $ 0.005).
remineralization requires more time to be activated, as a recent study demonstrated. 34 Periimplant marginal bone levels before loading (preloading) is rarely reported in other studies. 40 In this study (Table 4) , preloading time was responsible for a relatively consistent MBL only in the delayed group.
The use of transmucosal/not nonsubmerged technique prevents a second re-entry surgery and probably may help to reduce MBL further at 3 to 6 months. Transmucosal implant placement is a treatment option that has been demonstrated to offer similar results 41, 42 to the submerged technique/implant placement and prevents many of its disadvantages such as second re-entry surgery, pain, healing time after exposure of implant and costs.
The implants used in this study presented a tulip-shaped switching platform emergence, 43 as visible in the periapical radiographs. This study demonstrates that implants with a ZirTi-treated surface and this platform switching design showed minimal MBL at 3 to 24 months within the limits defined by Albrektsson et al. 44 Implants placed in the maxilla showed less MBL compared with implants placed in the mandible. The tulip-shaped platform-switch configuration may be responsible for this optimal result in the maxilla and may have played some positive effect on remodeling perimarginal bone growth and guiding bone healing in immediate and early groups of the maxilla.
ZirTi surface was recently tested in an animal model by Mainetti et al 36, 37 in postextractive sockets and in control healed bone. It displayed optimal results after 1 and 3 months. Buccal bone loss was less pronounced in postextractive immediate implants than in the control group. After 3 months, no differences were observed between the 2 groups. 36, 37 Galindo-Moreno et al 2 have demonstrated that an MBL of 0.44 mm or more in the first 6 months is an indication of fast periimplant bone loss progression. Therefore, in the delayed group, we may speculate a higher MBL progression during time. Further evaluation at longer observation periods may confirm these data. However, we may presume that in a long-term study, other conditions play important roles, such as periodontal bacteria contamination, loading stress, abutmentimplant connection and location, etc. For example, in a long-term (10 years) study, Schropp et al 45 demonstrated that timing of implant application (early, delayed, and late) did not significantly affect MBL in time.
CONCLUSION
The implant placement in sites with recent previous endodontic affected lesion does not represent a critical factor and is a safe procedure responsible for limited bone loss. Delayed implant placement demonstrated greater risks of MBL.
